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The present invention relates to an improved process for producing a 
fermn. product. Thus, ethanol fermn. of whole corn mash by Saccharomyces 
cerevisiae was enhanced by the addn. of glucoamylase and . beta . -glucanase . 
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The inventors have modified the amino acid sequence of a 
pullulanase to obtain variants with improved properties, based on 
the three-dimensional structure of the pullulanase Promozyme . 
The structural coordinates for the solved crystal structure of Promozyme 
using the isomorphous replacement method are provided. Homol. building 
also identified the three-dimensional structure of the pullulanase 
from Bacillus deramif icans . Regions in the three-dimensional 
structure are identified with increased mobility that can be modified for 
increased stability. The variants have altered physicochem. properties, 
e.g. an altered pH optimum, improved thermostability, altered substrate 
specificity, increased specific activity or an altered cleavage pattern. 
Thus, the D620A and E649A variants of B. deramif icans 
pullulanase are constructed by std. oligonucleotide-directed 
mutagenesis techniques. 
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AB The present invention relates to a method for producing a variant of a 
parent pullulanase, the variant having at least one altered 
property as compared to the parent pullulanase. The altered 
properties include stability {e.g., thermostability), pH dependent 



activity, substrate cleavage pattern, specific activity of cleavage, 
substrate specificity, such as higher activity of isoamylase activity and 
/or substrate binding. Thirty-one substitution or deletion mutants of 
Bacillus deramificans pullulanase were made by PGR and 
tested after transformation and fermn. in Bacillus subtilis. The 
invention also relates to pullulanase variants and to the use of 
pullulanase variants of the invention for use in particular starch 
conversion processes. 
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AB The invention relates to a variant of a parent fungal glucoamylase, which 
exhibits improved thermal stability and/or increased specific activity 
using saccharide substrates. The x-ray structure and/or model-build 
structure of Aspergillus awamori variant X100 glucoamylase was subjected 
to mol. dynamics simulations to identify regions important for 
temp. -stable activity. The truncated Gl glucoamylase from Aspergillus 
niger was modified by (1) random mutagenesis, (2) localized random, doped 
mutagenesis, or (3) PCR shuffling spiked with DNA oligonucleotides in 
order to prep, variants having improved thermostability compared to the 
parent enzyme. Such glucoamylase variants have use in starch 
saccharif ication, oligosaccharide prodn., specialty syrups, producing 
ethanol for fuel, producing beverages, and producing org. compds. (citric 
acid, ascorbic acid, lysine, glutamic acid) . 

REFERENCE COUNT: 4 THERE ARE 4 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



L3 ANSWER 5 OF 14 CAPLUS COPYRIGHT 2 003 ACS 



ACCESSION NUMBER: 
DOCUMENT NUMBER : 
TITLE : 

INVENTOR { S ) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



2000:34954 CAPLUS 
132 :90065 

Genetic engineering of starch-debranching enzymes for 
improved thermostability and specificity 
Bisgard-Frantzen, Henrik; Svendsen, Allan 
Novo Nordisk A/S, Den. 
PCT Int. Appl., 116 pp. 



CODEN : 
Patent 
English 
1 



PIXXD2 



PATENT NO, 



KIND DATE 



APPLICATION NO. DATE 



WO 2000001796 
WO 2000001796 

W: AE, AL, 
DE, 

JP, 

MN, 

TM, 

RU, 
RW: GH, 

ES, 

CI, 
US 6265197 
CA 2332697 
AU 9948971 
EP 1092014 
R: AT, 

IE, 

JP 2002519054 
US 2002081670 



A2 20000113 
A3 20000309 
AM, AT, AU, AZ, 



WO 1999-DK381 



19990702 



DK, 
KE, 
MW, 
TR, 
TJ, 
GM, 
FI, 
CM, 



BE, 
SI, 



EE, ES, FI, GB, 
KG, KP, KR, KZ, 
MX, NO, NZ, PL, 
TT, UA, UG, UZ, 
TM 

KE, LS, MW, SD, 
FR, GB , GR, IE, 
GA, GN, GW, ML, 
Bl 20010724 
AA 20000113 
Al 20000124 
A2 20010418 
CH, DE, DK, ES, 
LT, LV, FI, RO 
T2 20020702 
Al 20020627 



BA, 


BB, 


BG, 


BR, 


BY, 


CA, 


CH, 


CN, 


cu, 


cz, 


GD, 


GE, 


GH, 


GM, 


HR, 


HU, 


ID, 


IL, 


IN, 


is, 


LC, 


LK, 


LR, 


LS, 


LT, 


LU, 


LV, 


MD, 


MG, 


MK, 


PT, 


RO, 


RU, 


SD, 


SE, 


SG, 


SI, 


SK, 


SL, 


TJ, 


VN, 


YU, 


ZA, 


ZW, 


AM, 


AZ, 


BY, 


KG, 


KZ, 


MD, 


SL, 


SZ, 


UG, 


ZW, 


AT, 


BE, 


CH, 


CY, 


DE, 


DK, 


IT, 


LU, 


MC, 


NL, 


PT, 


SE, 


BF, 


BJ, 


CF, 


CG, 


MR, 


NE, 


SN, 


TD, 


TG 













19990701 
19990702 
19990702 
19990702 
FR, GB, GR, IT, LI, LU, NL, SE, 



US 
CA 
AU 
EP 



1999-346237 
1999-2332697 
1999-48971 
1999-932675 



MC, PT, 



PRIORITY APPLN. INFO. 



JP 2000-558187 19990702 
US 2001-833435 20010412 
DK 1998-868 A 19980702 

US 1998-94353P P 19980728 
US 1999-346237 Al 19990701 
WO 1999-DK381 W 19990702 
AB The invention relates to a genetically engineered variant of a parent 
starch-debranching enzyme, i.e. a pullulanase or an isoamylase, 
the enzyme variant having an improved thermostability at a pH in the range 
of 4-6 compared to the parent enzyme and/or an increased activity towards 
amylopectin and/or glycogen compared to the parent enzyme. Methods for 
producing such starch-debranching enzyme variants with improved 
thermostability and/or altered substrate specificity are provided. 
Alignment of pullulanases of Bacillus acidopullulyticus and 
Bacillus deramif icans, and of isoamylases of Rhodothermus 
marinus and Pseudomonas amyloderamosa, identified specific loop regions 
and amino acid residues appropriate for substitution with 
thermostability-conferring residues. The modified enzymes should yield 
improved conversion of starch to one or more sugars. 
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AB Pullulanases from Bacillus and Klebsiella that retain normal 

1, 6- .alpha. -glycosidase activity despite having truncations of up to 300 
amino acids from the N-terminal domain, optionally with further amino acid 
substitutions, and that may be useful in the starch industry are 
described. The present invention provides methods for producing the 
modified pullulanase, enzymic compns . comprising the modified 
pullulanase, and methods for the saccharif ication of starch 
comprising the use of the enzymic compns. Expression of the Bacillus 
deramificans pullulanase gene in B. lichenif ormis hosts 

lacking the Carlsberg subtilisin and endopeptidase Glu-C resulted in the 
appearance of a series of N-terminal deletions of the pullulanase 

Saccharif ication of starch with mixts. of glucoamylase (20%) and the 
pullulanases (80%) led to the saccharif ication of the starch 
without the formation of disaccharides . 
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AB The present invention relates to oral care compns . and products, 
comprising a Bacillus pullulanase and a dextranase, and 

optionally other enzymes, such as a mutanase . An example is given showing 
that 2 Bacillus pullulanases in combination with Paecilomyces 
dextranase exhibit synergistic effect when hydrolyzing mutan, while the 
std. Enterobacter pullulanase in combination with the same 
dextranase does not . 
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Safety evaluation of pullulanase enzyme 
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is an amylopectin debranching enzyme used in 
This article describes studies conducted to 
investigate the safety of a pullulanase enzyme prepn. produced 
by a strain of Bacillus licheniformis that has been transformed by 
introduction of genetic material from another Bacillus species, B. 
deramif icans . A 4-wk dietary toxicity study in rats was conducted 
in which test animals received pullulanase in the feed at 

concns. of 0.2, 1.0, and 5.0%. No adverse treatment-related effects were 
obsd. Lack of genetic toxicity potential was demonstrated by the results 
of a bacterial mutation assay in Salmonella typhimurium strains TA98, 
TA100, TA1535, TA1537, and TA1538, in an in vitro histidine forward 
mutation study in mouse lymphoma cells, and in in vivo mouse bone marrow 
chromosome aberration and micronucleus assays. The enzyme prepn. also has 
been shown to be a nonirritant in eye and primary dermal irritation tests 
in rabbits and is nontoxic by inhalation exposure. Finally, the 
genetically altered B. licheniformis has been demonstrated to be 
nonpathogenic upon single i.p. injection to rats of both live and killed 
cells at doses up to 1011 cells/kg. The results of these studies 
demonstrate that the enzyme prepn. may be considered safe when employed in 
starch processing. 
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AB A novel pullulanase that is heat 


-stable at acid pHs is 


obtained 



of the enzyme for processing polysaccharides. The enzyme has a temp, 
optimum of 55-65 .degree . at pH 4.3 and retains >80% of its activity in the 
pH range 3.8-4.9. An isolate of Bacillus deramif icans capable 
of hydrolyzing a pullulan deriv. at 37. degree.; the strain (B. 
deramif icans T89.117D) was not itself heat-tolerant. The enzyme 
accumulated in the medium and was purified 10 -fold (32% yield) from 
cultures grown on yeast ext. /potato starch medium by centrif ugation, heat 
treatment, acetone pptn., and ion- exchange chromatog. The gene was cloned 
by expression from a Sau3A partial bank in pBR322. The cloned gene was 
expressed in a Bacillus lichenif ormis host from which the alk. proteinase 
gene had been deleted using either an autonomously replicating or 
integrating plasmid. 



